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(57) The present invention relates to an Aspergillus 
sojae leucine ammopeptidase gene or variants thereof, 



a recombinant DNA including the gene or the variants, 
and a process for producing leucine aminopeptidase us- 
ing the recombinant DNA 
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Solution B an aqueous solution o, 0 ^ ^ 

Solution 0 an aqueous solution ol 5*<wAv) Na B O r 10H 2 C 
Solution D: an aqueous solution ol 10C , mW CuS0 4 
^ . * c - miv nf 250 ul of Solution B. 975 pi ol 
S s°o! U u!; 0 on C Tod 25 I. c f °S0, Ul ,on D per specimen (prepared upon use) 
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„ . rP Pach Iilled with 25 M l of the enzyme solution One ot the 
r00171 Then two microcentrifuge tubes per spec.men are ea h lea w ^ T o each microcentrifuge 

Z tuLes ■£ heated a. 100°C ,or 5 m,n readton at 30°C for ,0-60 

ub e 475 M l of Solut,on A (at 30=C) is added and st .ec prior mixture 625 of Solution E (at 37°C) 

min . The reaction is terminated by heating at 1 00 C or 5 m in To ce js measured at 420 nm . Raiding 

l^^^ - - - Leu-Gly-Gly, the leucine am,o P ept,dase activity 



that 1 unit equals to an 
can be calculated by the following equation 
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Activity (unit/ml) - ( AOD x 0 125 x 1 ,000V(25 x T) 

and T is a reaction time (in mm.). 

Method 2: Assay using L-.eucine-p-niUoani.ide (Leu-pNA) as a substrate 
[0018] First the following solutions are prepared 

Solution B: 0.1 N HCI 

2 900 „l ol Solu»n B » addeO and „.„d ir .order ,o >^™^« „ dole , ml „,d a. 400 ot, Proving 

rr::,tr;ot~,^:— rM^»—— 

be calculated by the following equation. 

Activity (uniVml) = ( AOD x 0.69 x 1 ,000)/(30 x T) 

40 and T is a reaction time (in mm ). 

, . o hqpH as reaaenls. . _ ^ n „t 1 nan 

,0020] Solutions A ana a in .v.m.«~ - — -— - - - SO | Utlon o1 0 01%(w/v) Tween-au. conla.n.ny a 

45 0021 Ten »l of sterilized distilled water or an aqueous ^solution o ^ ^ ^ {& mm ^ Toyo 

l^ores iron, a' filamentous fungous, e.g.. Ko» * 2U soybean powder obtained by swelling 

Rosh, Co . Lid ) placed on a soybean powder r ^' m ^j^ 0 J ler . pH6 . 0) . A blind test is concuriently conducted 
unde, heal and o.essuie conditions^ 1%(w,v) ^^^^ are enured at 30°C until sporutetion begins (for 
,n the same manner, except that there are contained no spores V & ^ ^ mm diameter or larger). 

so about 48 hours in the case of Koj,). Each paper disk w,th he eel * tra to carrying out the enzyme 

o which 600 Ml o. Solution A ,s added at 30'aThe mixture ,s t e^ tho^g ^ g ^ ^ ^ 

reaction a. 30'C for 7-30 m.n Then to ^ 'cac.on «^ o( the | euc ,ne ammopep.idase activity ,s determined 
which an abscrbance ,s determined at 400 nm ™°*™^*o<X*e test sample However, since this method g.ves 



and a culture time 
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, „c niamrelK or animal cells preferably filamentous fungi for example Aspergillus so,ae ATCC42251 
yeasts insect cells plant cells or animai cens p.-. y rlr , ninn Q-rnnd Edition Cold Spring Harbor Labo- 

accord.ng to methoas descnbed in J Sambrook e, *. Mo ecuLr Clon^g. S~ond Edition ^^^^ 

formant in which both the marker gene and the gene of interest have been , i g o ^ 

Se L purify .eucine am,nopept.aase. resulting ,n eftiaen, produCon o. leucine ammopeptidase. 

EXAMPLES 

20 [0033] Hereafter, the presen, invention w,„ be Hluslrated in more details by the following non-limited examples 
Example 1: Cloning of leucine aminopeptidase gene 

(1) Purification of enzyme 

25 [0034J Kofi mold Aspergillus sojae 1-190 (PERM BP-6349) was cultured to produce and purify leucine ammopept,- 

dase as described above (3 mg yield). 

(2) Determination of partial amino acid sequence 

[0 03 5] 30 ng o, the punfied enzyme was used as a -^---^ ^^^r^e^ 

release from the N-termm, of peptide fragments due to the "^J**^^^ was fragmented un der such 
„ ir„ ? hours The MM «<**«. «n*r»» — J?"" " itrf£S» 

peak was fractionated monitoring an aosorbance a 220 nm as the indication^, p P mM 
peak was evaporated to dry with a vacuum centrifugal concentrate sys ^Zdo^ol^OA Protein Sequenc- 
phosphate buffer ,pH 6.0, Am.no acid sequences o, these peptide, ™°™'?^^™}™ or Val Glu ^ Lys 

Leu Phe Trp Thr Ala Glu Glu Phe Gly Leu Leu Gly Se^ Asn Tyr Tyr Val Ser His Leu (SEC ID NO.6) 
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ofh.lQ5°C 30 sec (.ii) 50°C 30 sec and <iv) 72°C 40 sec and thereafter (v) 72°C 2 mm The reaction mixture was 
^ctrophoresed on 1% agarose go, ,o recover an amplify .ragmen, o. about 500 bp using QIAquick = Gel Extraction 
kit (Qiaqen). The amplified fragment was eluted with 50 pi o, TE buffer (lO mM Tns. 1 mM EDTA pH 8 0)^ 
100461 Diqoxiqenin (DIG) -labeled DNA probe was prepared through PCR as follows us,ng FOW-LAP-A and REV- 

s L?P A as p*.mere and a 10-fold dilution o, the above amplified .ragmen, solution as a template: 37 75 ul ol ^sterilized 
Polled water 5 pi of 10 x buffer, 1 pi each of the two pnmer DNA solutions (100 umol/pl). 1 Ml of template DNA solution, 
4 ul of 10 x PCR DIG mix (Boehnnger Mannhe,m) and 0.25 pi of ExTaq DNA polymerase were put and mixed ,n a 
0 2 mi PCR tube 20 ul of mineral oil was added dropw,se to the mixture before setting the tube in RoboCycler Gradient 
96 The genomic DNA was previously denatured at 96°C for 3 mm,, then rapidly cooled on ,ce. The reaction was 

w conducted while programming the RoboCycler Gradient 96 as follows (,) 95°C, 30 sec. : 45 cycles of (..) 95 C 30 sec 
m t^C 30 sec and (iv) 72'C. 40 sec: and thereafter (v) 72°C. 2 min. The amplified fragment was collected from 
the feac^ion mixture by ethane, precipitation, and dissolved ,n 50 pi of TE buffer. This was named as DIG-labe.ed probe 
dLAP-A 

75 (6) Screening of leucine aminopeptidase gene by plaque hybridization 

[0047] The k phage library of the Key, genomic DNA prepared ,n (4) was screened for the leucine aminopeptidase 

[00 n 4 e 8? y rcording^o'helnstructions appended to the kit for preparing the library, approximately £ > x 1 0= _of plaques 
20 per plate were formed on 5 agar medium plates. From each plale, the DNA was transferred to HyBond-N + Nylon 
Transfer Membiane ( Amersham) accoiding to the instructions appended to the membrane. In th,s case, for elimination 
of non-specific signals the DNA was transferred to two membranes per plate individually 

m0491 Those membranes were subsequently subjected to hybridization and detection by using the d,goxygen,n- 
Lbeled DNA probe prepared in (5) and DIG system (Boehnnger Mannheim) according to "Users Guide for hybridization 
usmc DIG system" pages 37-40. Boehnnger Mannheim (1996). Specifically, a standard pre-hybnd.zat.on buffer (5 x 
SSC 1 % (w/v) nucleic acid hybridization blocking reagent (Boehnnger Mannheim). 0.1% (w/v) N-lauroyl sarocosme, 
and 0 02% (w/i) SDS) was applied to each of the above ten membranes on which the DNAs of the phage library have 
been adsorbed, and the membranes were left at 57°C for 1 hour while shaking gently 

[0050? Thereafter, the dLAP-A probe prepared in (5) which has been heated a, 100°C for 10 m,n and rapidly cooled 
In ,ce wafer, was applied to each membrane which was then left at 57°C for 16 hours wh, e shaking gently Each 
membrane was transferred to a new container and washed twice with 2 x washing solution 2 x SSC. 0. /„ wTv SDS 
at room temperature for 5 min. . and subsequently washed twice with 0. 1 x washing solution (2 x SSC. a 1 A (w/v) SDS 
at 57°C for 15 mm Each membrane was then equilibrated with Buffer 1 (0.1 M maleic acid, 0 15 M NaCI, pH \1 .5) for 
1 mm and transferred to a new container, to which Buffer 2 (Buffer 1 , 1%(w/v) nucleic acid hybndization blocking 
eSnOwas added, followed by gently shaking at room temperature for 30 min. After discarding Buffer 2 an alkaline- 
phosphatase-labeled ant,-d,goxygen,n antibody diluted 1 10,000 with Buffer 2 was added and gently shaken at room 
TempeSure for 30 min. After discarding the antibody solution, the membranes were individ, ally- washed twic e w ith 
BuTerT containing 0 3% Tween 20 in a clean container Then they were equilibrated with Buffer 3 (0.1 M Tns pHOS, 
0 1 M NaCI 50 mM MgCI 2 ) for 2 min Each of the membranes was placed in a hybridization bag cut into a suitable 
s,ze to which 0 4 ml of 1 00-fold diluted CDP-Star solution (Boehnnger Mannheim) was added dropwise, thereby being 
uniformly distributed over the membrane After removal of the excessive solution, the bags were sealed with a sealer. 
These membranes were kept at 37°C for 1 0 mm and then closely attached to Fuj. direct photography films RX-U (Fuji 
i , d >for 1-10 mm which films were then developed Five signals (named Signals A to E) were observed 
at' the same tocation on the two memoranes to which the plaques on the same agar medium p! ate have been transf errea 
A to p miaht be positive clones Sott agar portions (5 mm diameter) were removed from the positions corresponding 
to Sign's A o E and put ,n respective microcentrifuge tubes After 500 pi o, SM buffer (10 mM Nad. 0.2% (w/v) 
MqS0 4 .7H ? 0 50 mM Tns pH7.5. 0.01% gelatin) and 20 pi o, chloroform were added, the tubes were left at 4 C 
overnight While being controlled such thai about 100 phages pe, lube were produced, plaques we.e formed on these 
aga, media They were f.ansfeired to respective membranes as descbed above in orde, to perfo.m hybridation w h 
dLAP-A probe For the phage solution obtained from Signal A. a number of strong signals were observed While no 
signal was observed for Signal B. a few signals were observed for Signals C. D and E Plaques were 
Signals A C D and E as described above to perform plaque hybridization again Since all plaques of Signals A and 
D turned out to be positive, single plaques wore recovered individually from Signals A and D 

[0051] The phage clones of Signals A and D were sub ]e cted to ,n vitro excision according to the instructions appended 
to the kit to obtain their plasmids. which were named pLZA and pLZD. respectively 
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Example 3 Production of leucine ammopeptidase using transformant 

rno e3 l 2 78 q of wheat bran and 2 22 ml of distilled water were m.xed. put in a 1 50-ml Erlenmeyer flask, autoclaved 
Ln 21= C^ 50 m n and e l0 cool to room temperature 1 0* spores each of the host strain and the three trans orman 
s s ns w " 'negated into respectrve flasks and lef, a, 30°C for 24 hours The flasks were vigorous y — 
fhe contents into small particles wh,ch were left at 30»C for another 48 hours for growth of the cells^ 25 ml of disced 
wate was addld lo the P flasks which were then v.gorously shaken and left at room temperature for 3 hours. Enzymes 
were extracted from the mixtures, thereby obtaining enzyme solutions . i ar 

Ze^ n order to determine ammopeptidase activities of the enzyme solutions, free amino acds and ow-mo e ular 
Ses were removed from the enzyme solutions S P ec,f,ca,ly 2 m, of each enzyme solution was punn Cent icorv 
10 fAmicon^ and centrifuged at 3,000 x g. When the amount of the liquid became 0.5 ml, 1.5 ml of 25 mM HEPbb 
bufterTpH 70) was added thereto and the mixture was centrifuged three times at 3.000 x g The voiume o, the collected 
enzvme solution was adjusted to 2 ml with 25 mM HEPES buffer (pH 7.0). 

K T e leucine ariopeotidase activities of the thus-obta,ned enzyme samples were detained using Leu-G y- 
Gtv as a substrate (Table 1) Defining the activity of the host strain as 1 , the activities of TFLW14, TFLW5 and TFLW22 
wl about 10 about 2 1 and about 4 9. respectively Leucine ammopeptidase was eftic.ently produced by growing 
The transformant TFLW22 transformed wuh the vector containing the leucine am,no P e P „dase gene, as compared to 

the host strain 





Leucine ammopeptidase activity (U/g Koji) 


Ratio ol activity to that of host strain 


ATCC42251 maD- 
TFLW14 
TFLW5 
TFLW22 


1.14 
1.18 
2.41 
5.56 


1.0 
1.0 
2 1 

4.9 



fOOGGl According to the present invention, leucine ammopeptidase can efficiently be obtained by cultunng, for ex- 
ample a m croo ga L containing the recombinant DNA into which the leucine ammopeptidase gone of the > mvon ,on 
naTbeenTncorporated. Since the gene of the invention may be used as a sample for protein engineering, the present 

^S^er ^cations w„, be apparent to and can be readily made by those skilled ,n the art withou, 
LTpalgtm the scope and spin, o, this invention Accordingly. ,t is not intended that the ^o^ ms appended 
hereto be limited to the description as set forth herein but rather that the claims be broadly construed 
[0^681 All publications including patent applications cited herem are incorporated herein by reference ,n their entity 
[0069] The following are information on SEQ ID NOS: 1 and 2 described herein 
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165 no 176 

He val Gly He Ser Leu Glu Asp Gly Gin Lys Leu lie Lys Leu Ala 

180 185 190 

Glu Ala Gly Ser Val Ser Val Asp Leu Trp Val Asp Ser Lys Gin Glu 

195 200 205 

Asn Arg Thr Thr Tyr Asn Val lie Ala Gin Thr Lys Gly Gly Asp Pro 

210 215 220 

Asn Asn Val Val Ala Leu Gly Gly His Thr Asp Ser Val Glu Ala Gly 
225 230 235 240 

Pro Gly He Asn Asp Asp Gly Ser Gly He lie Ser Asn Leu Val val 

245 250 255 

Ala Lys Ala Leu Thr Gin Tyr Ser Val Lys Asn Ala Val Arg Phe Leu 

260 265 270 

Phe Trp Thr Ala Glu Glu Phe Gly Leu Leu Gly Ser Asn Tyr Tyr Val 

275 280 285 

Ser His Leu Asn Ala Thr Glu Leu Asn Lys He Arg Leu Tyr Leu Asn 

290 295 300 

Phe Asp Met lie Ala Ser Pro Asn Tyr Ala Leu Met He Tyr Asp Gly 
305 310 315 320 

Asp Gly Ser Ala Phe Asn Gin Ser Gly Pro Ala Gly Ser Ala Gin He 

335 

D - - - 

Glu Lys Leu Phe Glu Asp Tyr Tyr Asp Ser He Asp Leu Pro His He 

340 345 350 

Pro Thr Gin Phe Asp Gly Arg Ser Asp Tyr Glu Ala Phe He Leu Asn 

355 360 365 

Gly lie Pro Ala Gly Gly Leu Phe Thr Gly Ala Glu Gly He Met Ser 
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20 



2S 



attgtctata acootgtggc aggatccatg gcaggcaccc ttggcgcggc gcagagtgac 660 
aaggaccgta attcggccat tgtcggtatc agcttggagg atggccagaa gctgatcaag 720 
cttgccgagg ctggatcggt atctgtggat ctgtgggtgg atagcaagca ggagaaccgt 780 
acgacgtata acgttatcgc gcagacgaag ggcggcgatc cgaacaatgt cgtcgcgctg 840 
ggtggccaca ccgacccggt cgaggcgggc cctggtatca atgacgatgg ctcgggcatt 900 
attagcaacc tggtcgttgc caaagcgctg acgcagtact ccgtcaagaa tgccgtgcgc 960 
tttctcttct ggacggccga ggagttcggt ctcctgggca gcaactacta cgtctcccat 1020 
ctgaatgcca ccgagctgaa caagatcaga ctgtacctga acttcgacat gatcgcctcg 1080 
cccaactacg ccctcatgat ctatgacggt gacggatcgg cgttcaacca gagcggaccg 1140 
gccggatccg cccagatcga gaaactgttc gaggactact acgactccat cgacttgcct 1200 
catatcccga cccagttcga cggacgttcc gattaccagg cctttatcct gaacggcatt 1260 
ccggccggtg gactcttcac gggcgccgag ggcatcatgt ccgaagagaa cgcaagccgt 1320 
tggggaggtc aagccggcgt ggcctacgac gccaactacc acgccgtggg agacaacatg 1380 
accaacctca accatgaagc cttcctgatc aactccaaag ccacagcctt cgccgtcgcc 1440 
acctacgcca acgacctatc ctcgatcccc aaacggaata ccacatcctc tctgcaccga 1500 
cgagcccgca ccatgcgacc attcgggaaa agagctccga agacgcacgc tcacgtatca 1560 
ggatccggat gctggcattc tcaagttgag gcatagatcg ataggtaaag accgactctt 1620 

1640 

acatagtaag gcctgtagga 



45 



SO 
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15 



Glu Asp Leu Leu 



20 



Glu Gly Ser Gin Gin Leu Glu Asp Phe Ala Tyr Ala 
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30 



a™ Phe Glv Gly Lys Ala His Asp Asp Thr 

Tyr Pro Glu Arg Asn Arg Val t>ne oiy ^y ^y 
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45 



val Asn Tyr Leu Tyr Lys Glu Leu Lys Lys Thr Gly Tyr Tyr Asp Val 



50 



55 



60 



?yr L ys Gin Pro Gin Val His Leu Trp Ser Asn Ala Asp Gin Thr Leu 

•7S 80 

65 70 

Val Gly Asp Glu Glu He Glu Ala Lys Thr Met Thr Tyr Ser Pro 



Lys 



85 



90 



95 



Ser Val Glu Val Thr Ala Asp Val Ala Val Val Lys Asn Leu Gly Cys 



100 



105 



110 



ser Glu Ala Asp Tyr Pro Ser As P Val Glu Gly Lys Val Ala Leu He 
115 I 20 125 



130 



135 



140 



Ala L ys Ala Ala Ala Ser He Val Tyr Asn Asn Val Ala Gly Ser Met 

150 1" 160 

145 150 

Aia Gly Thr Leu Gly Ala Ala Gin Ser Asp Lys Gly Pro Tyr Ser Ala 

MO i" 7 ^ 

165 

He val Gly He Ser Leu Glu Asp Gly Gin Lys Leu He Lys Leu Ala 

180 ia::> 
Glu Ala Gly Ser Val Ser Val Asp Leu Trp Val Asp Ser Lys Gin Glu 

200 205 
Asn Arg Thr Thr Tyr Asn Val lie Ala Gin Thr Lys Gly Gly Asp Pro 



15 



EP 0 967 286 A2 

42C 425 

Ala Asn Asp Leu Ser Ser He Pro Lys Arg Asn Thr Thr Ser Ser Leu 

,35 440 445 

His Arg Arg Ala Arg Thr Met Arg Pro Phe Gly Lys Arg Ala Pro Lys 



450 



455 



460 



Thr His Ala His Val Ser Gly Ser Gly Cys Trp His Ser Gin Val Glu 

465 

Ala 



<210> 2 
<211> 1640 
<212> DNA 

<213> Aspergillus sojae 



<400> 2 

atgaggtcgc ttttatgggc ttcgttgctt tcgggggcgt tggctgggag ggcgcttgrt. 60 
tcgccggttc gtttttttct tcttttcttt gcgattctgg tcttttttga ttgcttttct 120 
tgagcttggg tgtt.agtgt tgagtgttga ctgagctaat. gttatgtcta ggatgagttc 180 
ccagaggata tccagttgga agatctgctg gaaggatccc aacagctcga ggactttgcc 2 40 
tatgccracc ccgagcgcaa tcgcgtcttt ggtggtaaag cccacgacga cacggtcaac 300 
tacctrtaca aggaqctgaa gaagactggc tactacgatg tctacaagca gccccaggtc J 60 
cacct.gt.gga gcaatgccga ccagacgctc aaggtgggcg acgaggaaat cgaggcgaag 420 
accatgaccr. atagtcccag cgtcgaagta actgccgatg tagccgtcgt caagaacctg 480 
ggatgcagtg aggcggatta tccatccgat gtcgagggca aggtagctct catcaagcgt 540 
ggagaatgtg cgttcggcga caagtcggtt ctcgctgcca aagccaaggc cgcggcttcg 600 
attgC ctata acaatgtggc aggatccatg gcaggcaccc ttggcgcggc gcagagtgac 560 
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<210> 4 
<211> lb 
<212> PRT 

<213> Aspergillus sojae 



<220> 

<223> Xaa is an amino acid that was unable to be identified. 



<400> 4 

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Tyr Pro Ser Val Glu Gly Lys 
1 5 10 15 



<210> 5 
<211> 7 
<212> PRT 

<213> Aspergillus sojae 



<400> 5 

Gin Pro Gin Val His Leu Trp 
1 5 



<210> 6 
<211> 25 
<212> PRT 

<213> Aspergillus sojae 
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<220> 

<223> n = inosine 
<220> 



<223 > Oes ig nated is a PCR pri.er for amplifying part of the leucine 
aminopeptidase gene from Aspergillus so 3 ae. 



<400> 8 

26 

ttnccytcna crtcnswngg rtartc 



<210> 9 
<211> 23 
<212> DNA 

<213> Artificial sequence 
<220> 

<223> n = inosine 
<220> 

<22 3> „..l,„«d U • «* P^»« «U«»i». ° f «- lMel " 

aminopeptidase gene from Aspergillus so jae . 



<400> 9 

23 

ttytggacng cngargartt ygg 



<210> 10 
<211> 23 
<212> DNA 



21 



EP 0 967 286 A2 



<210> 13 
<211> 24 
<212> DNA 

<213> Artificial sequence 
<220> 



<22 3> 0..i, M «d i. . ** p.i-r capable of an„..lin, .1* . =l»i«9 

site of the piasmid pLZA or pLZD. 



<400> 13 

24 

cgacgttgta aaacgacggc cagt 



<210> 14 
<211> 24 
<212> DNA 

<213> Artificial sequence 



<220> 

of annealing with a cloning 

<223> Designated is a =CR prime, ca F ^~ - 



site o 



f the piasmid pLZA or pLZD, 



<400> 14 

24 

gagcggataa caatttcaca cagg 
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